SUPPLEMENTARY MATERIAL

A. Derivation of the out-of-plane angular dependence of FMR spectrum linewidth H pp
After solving the LLG equation, one can achieve the intrinsic part of the linewidth,
, for the angular dependent out-of-plane FMR spectra as described by the following equation [S1, S2] 2 1 (sin )
Here,  and  represent  M and  M respectively, which are illustrated in Fig. 1(a) in the manuscript; F denotes the total energy per unit volume and its expression can be found in Eq. (2) in the manuscript, and 
where
The extrinsic contribution to H, termed as H
INHOMO
, is considered as the fluctuations of 4πM eff ,  H and H u , which are resulted from structural inhomogeneity and defects present in thin magnetic films [S2, S3] . Similarly, by the first order Taylor expansion in combination with Eq. (3) and Eq. (5) in the manuscript, one can obtain the following expressions as
